Abstract: Human-environment relationship is a focus of academic researches and an understanding of the relationship is important for making effective policies and decisions. In this study, based on rural household survey data of Taibus Banner, Duolun county and Zhengxiangbai Banner in the Inner Mongolia autonomous region of China, we identified the impact of livelihood diversification on ecosystems in these agro-pastoral areas by using the ecological footprint theory and methodology together with the one-way analysis of variance (ANOVA) and correlation analysis methods. In 2011, the total ecological footprint of consumption (EFC) was 0.665 g hm 2 , and the total ecological footprint of production (EFP) was 2.045 g hm 2 , which was more than three times the EFC. The ecological footprint of arable land consumption (EFAC) accounted for a large proportion of the EFC, and the ecological footprint of grassland production (EFGP) occupied a large proportion of the EFP. Both the ecological footprint of grassland consumption (EFGC) and EFGP had a significant positive correlation with the income, indicating that income was mainly depended on livestock production and the households with higher incomes consumed more livestock products. The full-time farming households (FTFHs) had the highest EFP, ecological footprint of arable land production (EFAP), EFGP and EFGC, followed by the part-time farming households (PTFHs) and non-farming households (NFHs), which indicated that part-time farming and non-farming employment reduced the occupancy and consumption of rural households on local ecosystems and natural resources to some extent. When farming households engaged in livestock rearing, both the EFAP and EFAC became smaller, while the EFP, EFC, EFGC and EFGP increased significantly. The differences in ecological footprints among different household groups should be taken into account when making ecosystem conservation policies. Encouraging the laborers who have the advantages of participating in non-farming employment to move out of the rural areas and increasing the diversification of livelihoods of rural households are important in reducing the environmental pressures and improving the welfare of households in the study area. Moreover, grassland should be utilized more effectively in the future.
Human beings meet their needs and improve their welfare through continuous consumption of ecosystem services, resulting in significant impact on ecosystems during these processes (Zhen et al., 2011; Wang et al., 2013; Costanza et al., 2014) . The Millennium Ecosystem Assessment (2005) concluded that, if the consumption of ecosystem services by human beings does not fundamentally change, then the pressure on ecosystems will be further strengthened and lead to the collapse of ecosystems. Rural households are the main subject of economic activities and are the basic decision-making unit in rural areas, and their production and consumption behaviors dominate the changes of ecosystems (Wang et al., 2011; Yan et al., 2011) . In the past few decades, land reclamation and extensive utilization of resources are considered to be the main cause of ecological degradation in agro-pastoral areas (Lorent et al., 2008; Salvati and Zitti, 2009; Zhang et al., 2014) .
Alternative livelihood is an important method for reducing the pressure on ecosystems and increasing the well-being of farmers in most areas (Zhang et al., 2009; Nkemnyi et al., 2013) . In China, a large number of rural laborers left the traditional agriculture and turned to the non-agricultural employment in the past two decades (Hao et al., 2013) . As a result, part of the rural households transited from full-time farming to part-time farming or non-farming. Livelihood diversification is the most prominent socioeconomic phenomenon in rural areas (Ellis, 2000; Ye et al., 2009 ). How to assess the impacts of livelihood changes on ecosystems and natural resources becomes more and more important.
However, there are some debates on the impacts of livelihood changes on ecosystems. Taking the relationship between off-farm employment and ecosystem as an example, some researchers believe that laborers leaving the rural areas alleviates the pressures on land, and thereby contributes to the deforestation reduction, biodiversity conservation and local environmental protection (Rodríguez-Meza et al., 2004; Van der Geest et al., 2010; Wang et al., 2011) . The experiences in some areas, especially in the remote mountainous areas of North America and some parts of Europe, showed that off-farm employment of rural laborers contributes to the forest transition and re-growth (Caraveli, 2000; Rudel et al., 2005; Gellrich and Zimmermann, 2007; Izquierdo et al., 2011; Li and Zhao, 2011) . On the contrary, some other researchers believe that rural laborers are no longer dependent on natural resources after participating in non-farming activities, resulting in land degradation (Bilsborrow, 1992; Koulouri and Giourga, 2007) .
Ecological footprint, a quantitative method of evaluating the human demand on ecosystems in the Earth, represents the total area of productive land and water required on a continuous basis to produce the resources consumed, and to assimilate the wastes produced by a specific population (Wackernagel and Rees, 1996) . Since the 1990s, researchers have developed a series of theories and methods about the ecological footprint and carried out a large number of ecological footprint assessments in different regions, to measure the impact of human activities on ecosystems and evaluate the sustainable development (Xu et al., 2000; Erb, 2004; Chen et al., 2010; Cheng et al., 2011; Ferng, 2011; Liu et al., 2011; Gondran, 2012; Menconi et al., 2013; WWF et al., 2013a, b) . The results of these researches promoted the understanding of ecosystem consumption and natural resource occupation during socioeconomic development. In recent years, scholars have increasingly advocated researches on ecological footprint both at individual and community scales (Zhang et al., 2009; Chen et al., 2010; Zhao and Mao, 2013) .
Agro-pastoral areas in the center of the Inner Mongolia autonomous region are also the typical ecologically vulnerable areas. Owing to continuous drought and irrational exploitation of natural resources, land degradation and desertification become more and more serious in these areas. Consequently, these areas become the major dust source of North China, threatening the ecological security of China (State Council of the People's Republic of China, 2011) . In this study, based on the rural household survey data of Taibus Banner, Zhengxiangbai Banner and Duolun county in the Inner Mongolia autonomous region, we applied the ecological footprint tool to explore the impacts of consumption and production of rural households on ecosystems and natural resources, as well as the differences in ecological footprints among different types of livelihood of rural households.
Materials and methods

Study area
We selected Taibus Banner, Duolun county and Zhengxiangbai Banner (41°35'N-43°15'N, 114°05'E-116°55'E; 1,037-1,795 m; Fig. 1 ) situated in the center of the Inner Mongolia autonomous region, China as our study area. This region is under the administration of Xilin Gol League and covers an area of 13,565 km 2 . The study area is situated at the northern foot of the Yinshan Mountains and the southern edge of the Hunshandake Sandy Land. The area is characterized by a temperate semi-arid continental climate, with the annual average temperature of about 1°C. The average annual precipitation is about 400 mm, with most of which falling from July to September. According to a land survey jointly undertaken by Ministry of Environmental Protection of the People's Republic of China and Chinese Academy of Sciences, areas of grassland, arable land, forest, unused land, water and construction land account for 73.84%, 14.30%, 4.87%, 3.36%, 2.07% and 1.56% of the total study area, respectively. In the study area, grassland is mainly distributed in Zhengxiangbai Banner, accounting for 55.20% of the total grassland area; arable land is mainly distributed in Duolun county and Taibus Banner, accounting for 89.80% of the total arable land area; and forest is mainly distributed in Duolun county, accounting for 77.11% of the total forest area.
The study area belongs to the agro-pastoral region. Taibus Banner and Duolun county are dominated by agriculture, while Zhengxiangbai Banner is dominated by livestock rearing. Crops include oats, benne (sesame), wheat, potatoes, vegetables (celery, cabbage and cauliflower), peas, soybeans and kidney beans. According to the Inner Mongolia Statistical Yearbook (Inner Mongolia Autonomous Regional Bureau of Statistics, 2012), the total yield of cereals in the study area was about 185,700 t in 2011 and the total number of livestock was 537,400.
The population in the study area was about 392,700 in 2011, of whom about 222,900 people living in rural areas (accounting for 56.75% of the total). Population density is estimated to be about 29 people/km 2 . The average net income per capita was 6,098, 6,824 and 5,397 Chinese yuan for Taibus Banner, Duolun county and Zhengxiangbai Banner, respectively, which were all less than the national average. In rural districts, the agricultural area per capita is 0.50 hm 2 , which is higher than the national average. According to the household survey data of this study, the main income sources for rural households are cropping, livestock husbandry and non-farming employment, accounting for 28.68%, 32.17% and 20.75% of the total income, respectively.
Data
Rural household survey data in this study were obtained from the Rural Fixed Investigation Team of Taibus Banner, Zhengxiangbai Banner and Duolun county in 2011. We selected the target households according to the sampling method of Department of Rural Survey of National Bureau of Statistics (2010) . First, we sorted the data of address codes of agricultural census in all villages under the jurisdiction of the surveyed county/banners, and assigned the address codes from 1 to n (n is the total number of villages) to select the primary sampling units by systematic sampling with random start. Then, we ranked the primary sampling units based on the net income per capita together with the rural population data to select the secondary sampling units for income survey by systematic sampling with random start. Finally, we used the sorted address codes of households to select the survey households in each village and calculated the sampling interval by systematic sampling with random start, and subsequently 10 sample households were selected for each village. The selected samples need to meet the requirement of representativeness. This required that the acceptance error should not exceed to ±3%, with the confidence of probability as 95%. A total of 190 sample rural households were selected, with 60 in Taibus Banner, 60 in Zhengxiangbai Banner and 70 in Duolun county. Within these 190 households, the total population and the number of laborers were 634 and 520, respectively.
The survey in this study covered the basic information of rural households, agricultural production structure, income and income sources, consumption and expenditure, sale of products, purchase of goods, laborers and employment. Table 1 shows the basic information for the rural households. In addition, we also conducted investigation in the study area in 2011 and 2012 to understand the local socioeconomic and natural conditions, ecological environment, agricultural production, and daily consumption of farmers and herdsmen. To calculate the ecological footprint of rural households, we collected the data of global average yield for each crop from the UN Food and Agriculture Organization (http://faostat3.fao.org/home/E) and related reference (Xu et al., 2000) .
During the survey period, we found that livelihood diversification was a prominent phenomenon in the study area. Farmers are mainly engaged in three kinds of activities: cropping, livestock rearing and non-farming employment. Rural households can be classified into different types based on income structure or working time allocated to different activities (Zhou et al., 2001; Zhang et al., 2008) . As the income can represent both the economic situation and employments, we classified the 190-surveyed rural households into three groups according to the proportion of income from non-farming employment to the total income, i.e. full-time farming households (FTFHs), part-time farming households (PTFHs) and non-farming households (NFHs). The proportions of income from non-farming employment to the total income were less than 20% for FTFHs, more than 20% and less than 80% for PTFHs, and equal to or more than 80% for NFHs. Note: Dependency ratio is defined as the ratio of those typically not in the labor force (the dependent part) to those typically in the labor force (the productive part), and is used to measure the pressure on productive population. Min., minimum; Max., maximum; SD, standard deviation.
Generally, full-time and part-time farming households would rear livestock in a typical agro-pastoral area. Therefore, we further classified the full-time and part-time farming households into three groups according to the proportion of income from livestock rearing to the income from both cropping and livestock rearing, i.e. households engaged in cropping only (CHs), households engaged in cropping and livestock rearing (CLHs), and households engaged in livestock rearing only (LHs). The proportions of income from livestock rearing to the total income were equal to or less than 20% for CHs, more than 20% and less than 80% for CLHs, and equal to or more than 80% for LHs.
Methods
In terms of calculating the ecological footprint, different kinds of inputs were first converted to the corresponding actual areas of land or water needed to produce the resources or assimilate the wastes. For comparisons, these areas were then further converted to their global hectare (g hm 2 ) equivalents by means of equivalence factors. The equivalence factor reflects the differences in productivity of land-use categories. Each resulting footprint (in g hm 2 ) is a standardized and productivity-weighted hectare of global average productivity. The general ecological footprint model is as follows (Xu et al., 2000; Chen et al., 2010; Gondran, 2012) :
Where, EF is the per capita ecological footprint in g hm 2 ; ef i is the biological production area of the i th goods consumed in hm 2 ; r i is the equivalence factor; c i is the per capita consumption of the i th goods in kg; and p i is the average production capacity of the i th goods in kg/hm 2 .
Some researchers have updated the basis of equivalence factor (Monfreda et al., 2004; Liu and Li, 2009) . The purpose of this study was to identify the differences of ecosystem occupation among different types of households during the production and consumption processes, rather than how to precisely estimate the size of the ecological footprint. Therefore, we adopted the equivalence factors of six kinds of land use types following the study of Wackernagel and Rees (1996) , in which the equivalence factor for cropland and construction land is 2.82, for forest land and energy land is 1.14, for grassland is 0.54 and for water is 0.22. An equivalence factor of 2.82 indicates a productivity 2.82 times the average productivity of the global ecosystem. After equalization processing, all the six land types were converted to a given global average biologically productive area.
It should be emphasized that this study is intended to investigate the ecological footprint of rural households based on both consumption and production. Consumption concerns agricultural products, livestock products and fuel, while production mainly refers to agricultural production and livestock rearing. Each of these products comes from arable land, grassland and energy land. Therefore, we defined seven kinds of ecological footprints in this study, and their definitions and calculation methods were as follows.
(1) Ecological footprint of consumption (EFC), referring to the ecological space occupied by farmers in meeting their consumption demand of agricultural products, livestock products and fuel, is the sum of the ecological footprint of arable land consumption (EFAC), ecological footprint of grassland consumption (EFGC) and ecological footprint of energy land consumption (EFEC). Their relationship is shown as Eq. 2.
EFC=EFAC+EFGC+EFEC.
(2) (2) EFAC refers to the productive arable land occupied by farmers in meeting their consumption demand of agricultural products. The agricultural products refer to the products from arable land, such as wheat, oat, rice, benne, rapeseed, potatoes, beans and vegetables, and meat from arable land, such as pork and poultry. The specific products were selected based on situation in the study area. The formula of EFAC is as follows:
. EFAC 
Where, i is the type of agricultural product; c ia is the per capita consumption of the i th agricultural product;
P ia is the global average production capacity of the i th agricultural product; and r a is the equivalence factor of arable land. 
Where, i is the type of livestock product; c ig is the per capita consumption of the i th livestock product; P ig is the global average production capacity of the i th livestock product; and r g is the equivalence factor of grassland.
(4) EFEC refers to the ecological space occupied by farmers in meeting their consumption demand of fuel. It can be calculated by Eq. 5:
. EFEC 
Where, i is the type of fuel; c ie is the per capita consumption of the i th fuel type; k i is the conversion coefficient of the i th fuel type; P ie is the global average production capacity of the i th fuel type; and r e is the equivalence factor of energy land.
(5) Ecological footprint of production (EFP), referring to the ecological space occupied by farmers in their agricultural production and livestock breeding processes, is the sum of the ecological footprint of arable land production (EFAP) and ecological footprint of grassland production (EFGP). Their relationship is shown as follows:
EFP=EFAP+EFGP.
(6) (6) EFAP refers to the productive arable land occupied by farmers in their agricultural production processes and can be calculated by Eq. 7.
. EFAP 
Where, i is the type of agricultural product; p ia is the per capita production of the i th agricultural product; P ia is the global average production capacity of the i th agricultural product; and r a is the equivalence factor of arable land. (7) EFGP refers to the productive grassland occupied by farmers in their livestock breeding processes and can be calculated by Eq. 8.
Where, i is the type of livestock product; p ig is the per capita production of the i th livestock product; P ig is the global average production capacity of the i th livestock product; and r g is the equivalence factor of grassland.
Statistic analysis
One-way analysis of variance (ANOVA) was applied to test whether different household groups (the control variable) have significantly different ecological footprints (the observed variables). Correlation analysis was also used to test the relationship between ecological footprint and income indicators of rural households. Both analyses were conducted using SPSS statistical software.
Results
Livelihood of rural households
According to the classification of households, 123 households were FTFHs (accounting for 64.74% of the total), 60 households were PTFHs (accounting for 31.58% of the total) and 7 households were NFHs (accounting for 3.68% of the total). Combined with the actual experience of household survey and statistical descriptions of the 190-surveyed rural households, various types of households had typical characteristics ( Table 2 ). The population and dependence ratio per household within FTFHs were the highest among the three groups. Usually, there were three members in one household within the NFHs, and the householders and their partners were the chief laborers. Both laborers in each NFH have the advantages of participating in non-farming employment and they also prefer to stay in the city, so they abandon farming and work in the city all year round. Owing to high and stable wages from non-farming employment, the total income per household, income per capita and income per laborer in NFHs were the highest among the three groups.
CLHs were the main parts of the rural households in the study area (Table 3 ). The total amount of arable land managed by CLHs was the greatest among the three types of households, because these households grew straw to rear their livestock in winter. LHs possessed the least arable land because they mainly relied on natural pasture and lived in pastoral areas, where there was less arable land. 
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Ecological footprint of rural households
As shown in Table 4 , the average EFC was 0.665 g hm 2 in the study area in 2011, and the average EFAC, EFGC and EFEC were 0.348, 0.211 and 0.106 g hm 2 ,
respectively (accounting for 52.33%, 31.73% and 15.94% of the EFC, respectively). The average EFP was 2.045 g hm 2 , and the average EFAP and EFGP were 0.588 and 1.457 g hm 2 , respectively. Therefore, it was clear that EFAC accounted for a larger proportion of the EFC, and EFGP accounted for a larger proportion of the EFP. Moreover, EFP was about 3 times the EFC, EFAP was 1.7 times the EFAC, and EFGP was 6.9 times the EFGC.
Impact of livelihood diversification on ecological footprint of rural households
Impact of non-farming employment on ecological footprint of rural households
One-way ANOVA results indicated that ecological footprints in FTFHs, PTFHs and NFHs were significantly different ( Note: EFC, ecological footprint of consumption; EFAC, ecological footprint of arable land consumption; EFGC, ecological footprint of grassland consumption; EFEC, ecological footprint of energy land consumption; EFP, ecological footprint of production; EFAP, ecological footprint of arable land production; EFGP, ecological footprint of grassland production.
with the increases in the degrees of non-farm activities. The EFP of FTFHs was 2.622 g hm 2 , which was higher than the average of all the households (2.045 g hm 2 ). The EFP of PTFHs and NFHs was 1.073 and 0.250 g hm 2 , respectively, which were lower than the average of all the households. The EFP of FTFHs was 2.4 times that of PTFHs and 10.5 times that of NFHs. This was consistent with the observation that rural households were less dependent on arable land and grassland with the increases in the degrees of non-farming activities, resulting in a sharp decline in the ecological footprints. The differences in EFAP and EFGP of the three groups were consistent with the differences in EFP, that is, EFAP and EFGP tended to decrease as the non-farming activities increased. The EFC among the three groups was also significantly different, with the order of FTFHs>NFHs>PTFHs. There was no significant difference in EFAC among the three groups. EFGC decreased with the increases in the degrees of non-farming activities. Moreover, the EFEC among the three groups decreased in the order of NFHs>FTFHs>PTFHs.
Results of the correlation analysis among different types of ecological footprints and income indicators showed that the total income per household (or income per capita) has significant positive effect on EFC, EFGC, EFP and EFGP, but negative effect on EFAC and EFAP, suggesting that the increases in income stimulated the consumption and the income of rural household was more dependent on grassland (Table 6 ). Income obtained from non-farming employment had significant negative effect on EFGC, EFP and EFGP. This result was consistent with the one-way ANOVA results shown in Table 5 , and indicated that non-farming employment led to less consumption and production of livestock products.
Impact of livestock rearing on ecological footprint of rural households
One-way ANOVA results suggested that the differences of different types of ecological footprints among CHs, CLHs and LHs were also significant ( Table 7 ). The EFC of LHs was significantly higher than that of CHs and CLHs, i.e. about 1.74 times that of CHs and 1.76 times that of CLHs. The higher EFC of LHs was attributed to the higher EFGC. The EFGC of LHs was about 9.34 times that of CHs and 11.59 times that of CLHs. With the increases in the intensities of livestock rearing, the EFEC of householdstended to decline. This is mainly because LHs collect animal manure as the fuel while CHs choose coal as the fuel. The EFP increased when the income of households was more dependent on livestock rearing. The EFP of CHs, CLHs and LHs was 0.825, 1.504 and 4.397 g hm 2 , respectively, and the EFP of LHs was 5.33 times that of CHs and 2.92 times that of CLHs. The EFAP of CHs, CLHs and LHs was 0.811, 0.722 and 0.197 g hm 2 , respectively, while the EFGP for the three groups was 0.014, 0.782 and 4.201 g hm 2 , respectively. So it was clear that EFAP decreased while EFGP increased with the increases in the intensities of livestock rearing.
Correlation analysis showed that income obtained from livestock rearing had significant positive effect on EFC, EFGC, EFP and EFGP, but negative effect on EFAC and EFAP (Table 6 ). Moreover, income obtained from cropping had significant positive effect on EFAP, but negative effect on EFC, EFGC, EFP and EFGP.
Discussion
Ecological footprint is an indicator to measure the ecosystem consumption and natural resources occupation during human activities. Irrational utilization of natural resources is considered to be the main cause for ecological degradation in agro-pastoral areas in the past few decades. To protect the vulnerable ecosystems in these areas, it is necessary for farmers to maintain the ecological footprint with reasonable size.
Comparing the mean ecological footprint of NFHs with that of FTFHs and all the households, we found that the EFC, EFAC, EFGC, EFP, EFAP and EFGP decreased markedly when households engaged fully in non-farm activities. Moreover, comparing the mean ecological footprint of PTFHs with that of FTFHs and all the households, we found that EFC, EFGC, EFEC, EFP and EFGP were all less than the average. Both of the part-time farming and completely non-farming employment reduced the occupa-tion and consumption of households on local ecosystems and natural resources to some extent. Some researchers have argued that sustainable 'win-win' outcomes (poverty alleviation and environmental restoration) can be largely achieved through the non-farming employment of rural laborers (Groom et al., 2010; Moran-Taylor and Taylor, 2010) . Therefore, a key initiative for ecosystem conservation in ecologically vulnerable areas is to increase the non-farming employment and the livelihood diversification of rural households. Policy makers should take measures to promote the training and education of farmers and herdsmen, increase the opportunities of non-farming employment, and enhance the abilities of rural laborers to seek new livelihoods.
Policy makers also need to take full account of the needs of farmers in consumption and production. Cropping activity and livestock rearing of households mainly rely on natural resources. Livestock rearing is an important activity of rural households in agro-pastoral areas, so overgrazing is one of the main threats to the ecological security. The results of this study suggested that the ecological footprint of rural households is mainly determined by the consumption and production of livestock products. When farmers are fully engaged in livestock rearing, both the EFP and EFC increase significantly. Therefore, it can be argued that persuading households to reduce the production and consumption of livestock products is an effective approach in reducing the ecological footprint in the study area. Improving the effectiveness of resource utilization is also important in reducing the ecological footprint of households. Livestock should be reared according to the carrying capacity of grassland, or using captive breeding methods.
In this study, we calculated the EFC and EFP of rural households to explore the effects of the consumption and production of rural households on ecosystems and resources. The findings suggested that the EFP of rural households was much larger (about three times more) than the EFC in the study area, indicating that most products obtained from the ecosystems were supplied outside the study area. To protect the vulnerable ecosystems, production tasks should be reduced in this area. Ecological compensation is an environmental protection policy which intends to balance the ecological protection and the livelihood of impoverished landowners. Ecological footprint has been used in the formulation of inter-regional ecological compensation (Liu et al., 2010; Xiao et al., 2011; Long and Chen, 2012; Wei and Xia, 2012) . Similarly, this study also promotes the development of ecological compensation policies in agro-pastoral areas and ecologically vulnerable areas.
Conclusions
Human-environment interaction is a complicated issue. Rather than looking at environmental change as a cause of livelihood diversification of rural households, we empirically examined the impact of livelihood diversification of rural households on their natural capital demand based on the ecological footprint theory and methodology in this study.
In this typical agro-pastoral region, farmers are mainly engaged in three kinds of activities, i.e. cropping, livestock rearing and non-farming employment. Livelihood diversification of rural households has been a prominent phenomenon in this area. The results showed that the EFP of rural households was more than three times the EFC. In particular, the EFGP was about seven times the EFGC. Non-farming employment of rural households led to a decrease in the EFP, EFAP, EFGP and EFGC, indicating that participating in non-farming activities can mitigate the occupation and consumption of rural households on local ecosystems and natural resources. When farmers engage in livestock rearing, particularly when they are fully engaged in livestock rearing, the EFAC and EFAP of these households are small while the EFGC and EFGP are large, resulting in a larger total ecological footprint.
Policy makers should take measures to increase the non-farming employment and the transition of livelihoods of rural households in agro-pastoral areas to protect the vulnerable ecosystems. Ecological compensation policies also need to be developed in agro-pastoral areas in order to balance the ecological protection and the livelihood of impoverished landowners. Furthermore, natural resources, especially the grassland, should be utilized more effectively to reduce the ecological footprint of rural households.
